We consider the generation of squeezed light in the process of degenerate downconversion in a quasi-phasematched periodically poled nonlinear medium. The squeezing in the downconverted mode is analyzed for different orders of quasi-phase matching and for phase-mismatch parameter as well as varying pump input powers. The results show that a high degree of squeezing and high powers can be obtained for well-matched interactions.
It is well known that second-order processes such as second-harmonic generation (SHG) and downcoversion in x ͑2͒ media give rise to squeezed states of radiation f ields. In several experiments squeezed light was produced in the downconverted process in both subthreshold optical parametric oscillation 1 and a traveling-wave optical parametric amplifier. 2 Recently, noiseless optical amplif ication was predicted, 3 and a phase-sensitive optical parametric amplifier in a quasi-phase-matched (QPM) configuration was demonstrated. 4 Squeezing was observed in waveguides with x ͑2͒ materials by means of parametric deamplification 5 and in type I traveling-wave SHG, 6 both using QPM media. Quasi-phase matching, 7, 8 in which the nonlinearity is made to vary periodically along the crystal length, is inherently less efficient than conventional birefringent phase-matching techniques but allows the usually much larger diagonal x ͑2͒ elements of the nonlinear material to be used. Noirie et al. 9 considered SHG in a QPM medium and showed that considerable squeezing could be obtained in periodically poled media such as LiNbO 3 and silica fibers for small interaction lengths when the interaction was well phase matched. Here we analyze squeezing in the downconverted mode (DCM), whose frequency is exactly half that of the input pump wave.
The coupled nonlinear operator equations for the DCM at frequency v͞2͑Â͒ and the pump mode at frequency v͑B͒ are linearized with respect to the small quantum f luctuations about the mean that are described byâ Â 2 ͗Â͘ andb B 2 ͗B͘. Two sets of equations are obtained, 10 namely, the equations for the mean fields and those for the quantum f luctuations. As in Ref. 10, we define the dimensionless quantities of mean f ield amplitudes U 1 for the DCM and U 2 for the pump; dimensionless units Ds for the wavevector mismatch between the DCM and the pump, Dk 2k 1 2 k 2 , where k 1 and k 2 are the wave vectors for the DCM and the pump, respectively; and scaled distance j for distance z along the propagation axis as
where k d eff ͑hv 3 ͞2n 1 2 n 2 e 0 c 2 V ͒ 1/2 . In the expression for k, d eff~x 2 is the effective nonlinearity, and n 1 and n 2 are the refractive indices for the DCM and the pump. In Eqs.
(1) C 2 is the classically conserved quantity, C 2 j͗Â͑0͒͘j 2 1 2j͗B͑0͒͘j 2 . In terms of these variables, the equations for the mean f ields are
where d͑j͒ is the scaled nonlinearity that alternates between 11 and 21 over length l. The scaled nonlinearity d͑j͒ can be expressed as a Fourier series, d͑j͒ P2`d n exp͑inq 0 j͒, where d 2n 0, d 2n11 22i͞p͑2n 1 1͒, and the QPM grating vector q 0 ͑p͞l͒ p 2 ͞Ck (2l is the periodicity of the nonlinearity in the medium). The corresponding classical conservation law for the mean f ield amplitudes in these normalized units is jU 1 ͑j͒j 2 1 jU 2 ͑j͒j 2 1. For the quantum f luctuations, a (DCM) andb (pump), the relevant equations are
We def ine a parameter e 0 that describes the phase mismatch between the wave-vector mismatch Ds and the QPM vector q 0 as nq 0 2 Ds, where n def ines the order of phase matching. We are interested in analyzing the squeezing in the DCM, and to do so we need to solve Eqs. (1)- (3) with given initial conditions. Assuming that at the input to the nonlinear medium the pump and the DCM are in coherent states, we def ine squeezing as the ratio of the variance of the quadrature components ofâ at j to that at 0. We def ine a quadrature with phase u as y 1 ͑j, 0͒ ͓â͑j͒exp͑iu͒ 1â y ͑j͒exp͑iu͔͒͞2. In this notation the amplitude quadrature would be y 1 ͑j, u 0͒ and the phase quadrature, y 2 ͑j͒ y 1 ͑j, u p͞2͒. On minimizing the variance in y 1 ͑j, u͒ with respect to the phase u, we obtain the maximum squeezing. 10 We first consider the case in which the conversion efficiency of the downconversion process is low, and hence we can assume that the pump wave is undepleted. Earlier, 3 the noise f igure of a QPM parametric amplifier was calculated. It was shown that significant squeezing could be obtained when the interaction was well phase matched. Here we analyze the dependence of squeezing on the order of phase matching and the phase mismatch e 0 . In this approximation of the 0146-9592/98/141132-03$15.00/0
